The field experiments were conducted on sandy loam soil at New Delhi, during 2007 and to investigate the effect of conservation tillage, irrigation regimes (sub-optimal, optimal and supra-optimal water regimes), and integrated nutrient management (INM) practices on soil biological parameters in wheat cultivation. The conservation tillage soils has shown significant (p<0.05) increase in soil respiration (81.1%), soil microbial biomass carbon (SMBC) (104%) and soil dehydrogenase (DH) (59.2%) compared to the conventional tillage soil. Optimum water supply (3-irrigations) enhanced soil respiration over sub-optimum and supra-optimum irrigations by 13.32% and 79% respectively. Soil dehydrogenase (DH) activity in optimum water regime has also increased by 23.33% and 8.18% respectively over the other two irrigation regimes. Similarly, SMBC has also increased by 12.14% and 27.17% respectively in soil with optimum water supply compared to that of sub-optimum and supra-optimum water regime fields. The maximum increase in soil microbial activities is found when sole organic source (50% Farm Yard Manure+25% biofertilizer+25% Green Manure) has been used in combination with the conservation tillage and the optimum water supply. Study demonstrated that microbial activity could be regulated by tillage, water and nitrogen management in the soil in a sustainable manner.
INTRODUCTION
India contributes approximately 12% (77.63 mt) of the global wheat (Triticum aestivum L.) production (12) . It is an input intensive crop, grown on 13% of the cropped area in the Indo-Gangetic plains (IGP). Wheat is cultivated as a component of rice-wheat cropping system (RWCS) in IGP.
The majority of Indian soils are low in N and therefore loading of urea (46% N) is practiced. Integrated nutrient management practices and resource conservation technologies are used to enhance crop productivity in sustainable agriculture (19) . This has become more important in the wake of global climate Sharma, P. et al.
Soil microbial activities during wheat cultivation change which demands more judicious use of available resources. Thus, the major target in the regime of global climate change is water and energy conservation (26) .
Tillage affects the physical, chemical, and biological properties of the soil (34) . A proper tillage can alleviate soilrelated constraints whereas an improper tillage leads to a deterioration in soil structure. The latter further accelerated erosion, depletion of soil organic matter (SOM) and soil fertility as well as the disruption of the nutrient cycle (15, 25) .
The conservation and addition of SOM are crucial for biological, chemical and physical soil functionality and nutrient cycling particularly of N. The N-cycling largely depends on the microbial activities in the soil (9) . The conservation tillage improves soil organic carbon (SOC) concentration, water storage and reduces soil erosion, and subsequently enhances soil quality and resilience (21) . It also increases SMBC (18) , activities of several soil enzymes (20, 23) as well as the soil respiration (40) .
Microbial activities affect nutrient cycling and the availability of inorganic nutrients. The improved nutrient cycling leads to soil fertility and subsequently enhance plant growth and the crop yield (4) . Soil enzymes and microbial biomass have been considered as the major indicators of soil quality due to their relationship to soil fertility, ease of measurement, and high sensitivity to changes originated by the management and environmental factors (7) . Experiments have revealed a positive correlation between soil management systems and agriculturally beneficial microorganisms (17) .
Many factors affect the sustainability of wheat production under the RWCS. Some important factors are SOM content, indigenous nutrient supply (14) , the micronutrient, ground water, percolation (1) etc. In order to overcome these limitations and to sustain crop productivity and soil fertility, a system (multicomponent) approach involving INM practices, i.e. water conservation strategies, conservation tillage and application of organic nutrients may yield good substitute of conventional green revolution practices for wheat cropping. Though, an integrated approach for tillage, water and nutrient management for wheat crop has not been reported.
Therefore, experiments were undertaken to study the combined effect of integrated nitrogen application, water regimes, and tillage practices on soil (micro) biological indices during wheat cultivation. Experimental Design: The experiments were laid out in split-plot design. Two main plots were divided for two tillage treatments (i.e. conservation and conventional), which were further divided in sub-plots for three different irrigation treatments (i.e. sub-optimum, optimum and supra-optimum).
MATERIALS AND METHODS
The sub-plots were further divided in sub-sub plots for different nutrient treatments as mentioned in Table 1 . The treatments comprised of two tillage (i.e. Zero/conservation tillage and conventional tillage) were maintained in all the plots. Water management consisting of three water regimes; 2-irrigations (sub-optimal), 3-irrigation (optimal) and 5-irrigations (supra-optimal) were allocated in the sub-plots (each Soil microbial activities during wheat cultivation at a gap of 20 days). The eight nitrogen sources applied to the wheat plots are as in 
RESULTS

Soil Respiration
The data presented in Table 2 The most important parameter influencing the soil respiration has been tillage regime, however, the treatment where the sole organic source has been used as N-source along with optimum irrigation provide better results as compared to other nutrient treatments and irrigation regimes respectively.
Soil Dehydrogenase Activity (DH)
The zero tillage (conservation tillage) soil has brought about significant soil dehydrogenase activity i.e.59.2%
compared to the conventional tillage soil in the wheat fields of IGP ( Table 2 ). The frequency of irrigation has also affected soil dehydrogenase activity. The maximum soil dehydrogenase activity (1.85 µg TPF g -1 soil h -1 ) has been observed in 3-irrigation plots, followed by 5-irrigation (1.71 µg TPF g -1 soil h -1 ) and 2-irrigation (1.50 µg TPF g -1 soil h -1 ) plots (Table 4) .
Among the nutrient treatment sole organic source is found to be most effective. It brought about 12.5% increases in dehydrogenase activity compared to control. The next higher value has been observed with T 5 treatment ( Table 2) . Other plots having RDN in various forms also had higher soil dehydrogenase activity compared to control plots. The conservation tillage plots with 3-irrigations have brought about significantly higher soil dehydrogenase activity over the conventional tillage plots in all the studies (Table 4 ). The maximum soil DH has been, however, observed in the plots applied with conservation tillage, 3-irrigation and sole N supply through the organic sources i.e. FYM + biofertilizer + GM which were closely followed when 75% N was urea and 25% as biofertilizer. increase respectively, compared to conventional tillage system ( Table 4 
Soil Microbial Biomass Carbon
The zero tillage soil supported higher (104%) soil microbial biomass carbon (SMBC) than the conventional tillage soil ( The most important parameter influencing the SMBC activity is tillage regime. However, the treatment where the sole organic source has been used as N-source along with optimum irrigation provide better results as compared to other nutrient treatments and irrigation regimes respectively. Soil microbial activities during wheat cultivation Tillage × Nutrient Management = 0.120 3.
Tillage × Nutrient Management = 0.140
Here RDN-Recommended Dose of Nitrogen, C.D. denotes Critical Difference, FYM-Farm Yard Manure, and GM-Green Manure Values are mean of the data (n = 6) and are statistically significant at p<0.05. Data analyzed by one way ANOVA at LSD<0 Tillage × Nutrient Management = 0.26 3.
Tillage × Nutrient Management = 0.32
Here RDN-Recommended Dose of Nitrogen, C.D. denotes Critical Difference, FYM-Farm Yard Manure, and GM-Green Manure Values are mean of the data (n = 6) and are statistically significant at p<0.05. Data analyzed by one way ANOVA at LSD<0.05. Soil microbial activities during wheat cultivation Tillage × Nutrient Management = 5.88 Soil microbial activities during wheat cultivation
DISCUSSION
The data presented in table 2 This condition reduces yield of plant to almost zero (13) .
Wheat suffers badly, if excessive amount of water is available to the plant rhizosphere (30) . Therefore, it is essential to optimize water requirements for higher microbial activity, which may further lead to the improved soil fertility and the crop productivity. 
CONCLUSIONS
The studies presented in this paper suggest that higher soil fertility in terms of soil microbial activity can be maintained in IGP having pre-dominantly the rice-wheat cropping system by using zero tillage as conservation tillage practice, optimal 
